Stunted colonies of the leaky adE2O mutant, grown on adenine-free medium, yield faster-growing, adenine-independent sectors of which c 20 per cent have duplication of the JR chromosome segment bearing the rate-limiting allele. In a first study of such duplication strains, eight out of 11 had the JR duplicate segment attached to the hR terminus; in this system there appeared to be a preferential site for the initiation of duplicate segments and for their attachment (Sexton and Roper, J. Gen. Microbiol., 130, 583, 1984).
Variation in the amount of nuclear DNA during speciation is small within the genus Cucumis. However several species have large amounts of satellite DNA in their genomes. The diploid species C. metuliferus (2n = 24) has six distinct heterochromatic knobs in the long arm of chromosomes. When centrifuged to equilibrium in neutral CsCI approximately 5 per cent of the total DNA of C. metuliferus separated as satellite DNA sequences. On in situ hybridisation this satellite fraction was located in the knob heterochromatin in C. metuliferus. It was not detected in other classes of heterochromatin in C. metulferus or in the chromosome complements of related Cucumis species. The frequency of reiteration of the satellite DNA differed in different heterochromatic knobs. Grain count over knobs showed that it is positively correlated with knob size. Knob heterochromatin in C. metuliferus does not cause neocentric activity or preferential segregation of chromosomes as reported in Z. mays. Pollen fertility for this species is markedly reduced when compared to C. sativus and C. anguria. There is no detectable chromosomal abnormality in meiosis. It is assumed that the reduced pollen fertility may be due to genetic causes. 2. Studies on the visualization of the chromosomes of bovine It has not previously proved possible to analyse the chromosomes of bovine sperm, although the development of a reliable technique would be of value to research on fertility and artificial insemination in cattle. Studies in human spermatozoa have indicated that, at the present time, the in vitro fertilization of hamster ova offers the most reliable technique for chromosome visualization. However, whilst work in other laboratories using bovine sperm has resulted in penetration of hamster ova and the subsequent decondensation of sperm heads, these studies have failed to yield analyzable bovine sperm chromosome preparations. A method developed in this laboratory for the analysis of human sperm chromosomes (Tom- lçins, Carroll and Houghton, Heredity, 50, 211, 1983) based on the technique of in vitro fertilization described by Rudak et al. (Nature, 274, 911, 1978) has been modified and allows the direct visualization of the chromosomes of bovine sperm.
In this communication this technique will be described and its applications to future studies on cattle breeding will be discussed.
Preferential attachment sites for spontaneous transposed duplication in Aspergillus nidulans
sites. Strains with adE duplications were selected from a parent with T(IIR -* JIlL). In 13 tested duplication strains, seven had the transposed 1R segment attached to the Ill-hR complex. In three such strains analysed in detail, the IR segments were of equal genetic length and included the JR terminus; they were attached univerted to the terminus of the translocated hR. Two possibilities can be seen to explain a preferential attachment site in this system. It could result from homology between the internal and the attachment sequences; alternatively, it may arise simply from the necessity for simultaneous DNA lesions, probably single strand gaps, in the process which generates transposed duplications. The gene cy-2 in Coprinus cinereus confers resistance to cycloheximide in vitro. The resistance of the heterozygote, cy-27cy-2, is complete in diploids, but only partial in dikaryons. The resistance of mixtures of ribosomes from monokaryons resistant and sensitive to cycloheximide resembles that of heterozygous dikaryons. One of the cy-2' mutants isolated carries a modifier gene, modcy. This confers total sensitivity on a diploid heterozygous for the otherwise dominant resistance gene; the presence of modcy, however, does not affect the partial dominance of the cy-2' gene in heterozygous dikaryons.
The dominance of the resistant gene, y-2', and the effect of the modifier in vitro are quite contrary to that observed in the previous in vivo studies (North, J., J. Gen. Microbiol., 128, 2747 , 1982 Aspergillus nidulans contains a multiplicity of phosphatase activities. A number of mutations affecting these enzymes were described by Dorn (Genet. Res., 6, 13, 1965) . We have further charactensed his mutations, where available, and have selected mutations in several additional loci involved in phosphatase synthesis.
The genes designated paiD and pacA are the structural genes for, respectively, an alkaline phosphatase and an acid phosphatase which are subject to strong repression by phosphate in the growth medium. Expression of these genes is also regulated by the pH of the medium. paiG is the structural gene for an alkaline phosphatase which is present in phosphate-grown cells but is enhanced by starvation for nitrogen, carbon, sulphur or phosphate. An acid phosphatase identified by gel electrophoresis and a phosphodiesterase-phosphomonoesterase (Polya et al., J. Bacterial., /24, 693, 1975) are subject to nitrogen metabolite repression, mediated by the areA gene product (Arst and Cove, Molec. gen. Genet., 126, Ill, 1973) , and to regulation by growth pH. The identification of a phosphate-repressible phosphodiesterase with no associated phosphomonoesterase activity (Brownlee et a!., Heredity, 51, 529, 1983) , has assisted the characterisation of a number of mutations with pleiotropic effects. The palcA gene acts as a positive regulator of all the phosphatase genes under phosphate control. Studies with melanoma cells have indicated that mitochondria may be targets for azeleic and dodecandioic acids (Passi et a!., J. lip. ResI, 24, 1140 , 1983 . This is supported by our results with yeast cells and guinea pig keratinocytes in which growth of cultures using non fermentable carbon sources was stimulated at low concentrations but inhibited at high concentrations of these substances. In the yeast cell system, neither drug was mutagenic to mitochondria, or significantly affected protein synthesis in the organelles, but both directly affected rates of oxygen uptake. Both compounds significantly reversed mitochondrial inhibition by the anti-depressant chiorimipramine.
In contrast to NIH/3T3 mouse fibroblasts, early passage, near-diploid Chinese hamster fibroblasts (CDP-1 cells) are resistant to malignant transformation by the Ha-ras-1 oncogene. The effect on CDP-1 cells of placing the ras gene under the control of the SV4O early region enhancer was investigated by inserting it into the pSV2-gpt vector. By selecting for mycophenolic acid resistance, a number of ras-containing clonal lines of CDP-1 were obtained which were tested for anchorageindependent growth. Some such lines performed well in the anchorage-independent assay whilst others did no better than parental CDP-1 cells.
The difference between transformed and nontransformed ras-containing CDP-l cells appeared not to reside in the copy number of the ras gene, all lines having multiple copies. Some variation in the mode of integration of the ras gene was evident, Genet & Cytogenet., 10, 199, 1983 Inbred laboratory descendants of house mice trapped from a large population in Peru disclose a high incidence of spontaneous mutation and chromosome damage in that population. A response to selection for an increase in incidence will be described, together with the results of an attempt to map the location of a possible major gene controlling incidence. Preliminary evidence prompts the speculation that the instability is due to an inherited tendency to de-stabilise transposable elements.
13. We have isolated mRNA from the mycelia of Phanerochaete chrysosporium grown under nonligninolytic and ligninolytic conditions. We have also constructed a gene bank from DNA isolated from P. chrysosporium using a A vector. 12P labelled cDNA of high specific activity has been prepared from the mRNA templates and used to identify clones within the gene bank by plaque hybridi- In Aspergillus nidulans synthesis of thymine 7-hydroxylase, an a-ketoglutarate dependent dioxygenase, is subject to both nitrogen metabolite repression and oxygen repression whilst synthesis of the other pyrimidine salvage pathway dioxygenase, pyrimidine deoxyribonucleoside 2'-hydroxylase, is subject to neither. A mutation, selected as allowing thymine to supplement a pyrimidine auxotropy and found to allow supplementation of thymidine, other pyrimidine nucleosides and pyrimidine salvage pathway intermediates as well, has been shown to be an allele of the positive-acting regulatory gene areA mediating nitrogen metabolite repression (Arst and Cove, Molec. gen. Genet., 126, 111, 1973) and designated areA-300. areA-300 considerably elevates levels of thymine 7-hydroxylase, probably alleviating, at least partly, both nitrogen metabolite repression and oxygen repression. areA-300 also elevates net uptake capacities for thymine, thymidine and deoxyuridine two-fold but has little or no effect on pyrimidine 2'-hydroxylase levels. Several other areA alleles have also been shown to affect thymine 7-hydroxylase levels. In particular, this enzyme is undetectable in strains carrying areArl8 (Rand and Arst, Molec. gen. Genet., 155, 67, 1977) , a complete loss of function mutation. This is the first reported evidence of areA control over an activity(-ies) not directly concerned with nitrogen source utilisation. It is also the first indication that oxygen repression and nitrogen metabolite repression might be mediated by a common regulatory mechanism in an eukaryotic organism. The four genes involved in L-proline catabolism in 4spergillus nidulans form a gene cluster (Arst et a!., Genet. Res. 38, 171, 1981) . One of these genes, prnA, is a regulatory gene mediating proline induction of the syntheses of the products of the other three genes, all of which are structural (Arst and MacDonald, Nature 254, 26, 1975; Jones et a!., Current Genetics, 3, 49, 1981) . Previous work has indicated that prnA is positive-acting (Jones et a!., ibid.). We have confirmed this hypothesis by identifying, amongst prnA mutations having the putative loss of function phenotype, three deletions. We have identified other prnA alleles which are subject to phenotypic suppression by aminoglycoside antibiotics (Martinelli and Roberts, Bioscience Reports, 3, 11, 1983) likely to affect ribosome function and genotypic suppression by translational suppressors (Roberts et a!., Molec.
gen. Genet., 177, 57, 1979) probably affecting ribosome structure. Thus the prnA product must be a protein.
17. Hybrid-DNA recombination models: An analysis of quantitative analyses B. C. Lamb Department of Pure and Applied Biology, Imperial College, London SW7 2BB.
The three main methods of quantitative analysis for meiotic gene conversion data are those of Paquette and Rossignol (Mo!. Gen. Genet., 163, 313, 1978) , Fincharn, Hill and Reeve (Genet. Res., 35, 179, 1980) and Kalogeropoulos and Thuriaux (Genet. Res., 40, 1, 1982 The cytochrome P-450 mediated mixed-function mono-oxygenases of liver microsomal membranes are of central importance in the metabolism of steroids and xenobiotics, including many drugs, carcinogens and environmental pollutants. Each individual organism usually possesses a number of different cytochromes P-450 many of which are selectively inducible by a variety of foreign compounds. The spectrum of isozymes induced varies with the nature of the xenobiotic to which an organism is exposed. Our group is investigating the molecular mechanisms involved in the selective induction and the structural relationships of the genes that code for individual cytochromes P-450.
We have isolated and sequenced cDNA clones coding for two cytochromes P-450 of rat liver, one inducible by phenobarbital (PB P-450), the other by /3-naphthoflavone (NF P-450). PB P-450 is a member of a multigene family, whereas NF P-450 is encoded by only one or two genes. The induction of PB P-450 by phenobarbital is mediated almost entirely at the level of transcription. The NF P-450 cDNA clone hybridizes to two mRNAs that are differentially regulated by f3-naphthoflavone and isosafrole. We have isolated and sequenced a cDNA clone coding for a human cytochrome P-450 and are mapping the chromosomal location of the corresponding multigene family. Sequence comparison of rat and human cytochromes P-450 revealed that the proteins are evolving at a relatively rapid rate. The cDNA clones have also been used to investigate the evolution of the organization of cytochrome P-450 gene families. When excision deficient E. coli carrying urnuC or umuD alleles (conferring immutability by UV) are exposed to visible light, several hours after exposure to UV, base pair substitution mutations are induced. It is suggested that delayed photoreversal of pyrimidine dimers removes blocks to DNA replication and allows the "survival" of misincorporated bases. A two-step model for UV mutagenesis is proposed: misincorporation opposite a photoproduct and bypass, only the latter process requiring the urnuC, D gene products. In recA44l lexA5I umuC and in recA44l umuC bacteria at 43°C, the level of misincorporations The availability of unlimited numbers of codominant markers using recombinant DNA techniques makes it, in principle, possible to find the locus defining any phenotype which is not lethal in the heterozygote by family studies. Other techniques allow the localisation of these markers to identified chromosomal segments within which double recombinants are likely to be rare. Once located, similar techniques can be applied to the prediction of morbid inheritance by defining linked markers.
While the formal problems of estimating the functional distance between pairs of loci in nonexperimental situations are now solved (Morton, Am. J. Hum. Genet., 7, 277, 1955 , Ott, Am. J. Hum. Genet., 26, 588, 1974 ) the problems presented by multipoint linkage remain unsolved, in spite of its clear formulation in the experimental situation by (Sturtevant, J. Exp. Zoo!., 14, 43, 1913) . Situations easily resolved by planned three-point crosses have to be resolved in man by inferences involving sets of loci, most of which are uninformative in any single meiosis, or by pairs of loci which, though easily handled, only summarise part of the information.
Some practical problems in relation to detection and prediction will be discussed. Askin derived fibroblast cell strain 46BR, obtained from an immunodeficient patient is hypersensitive to the lethal action of a range of physical or chemical DNA damaging agents. It is also defective in rejoining of strand breaks after treatment with dimethyl sulphate and ultra-violet light. Our present investigations show that the cells have a defect in joining Okazaki-type fragments during DNA replication supporting the interpretation that the basic defect is in the ligation of DNA strands.
The baseline level of sister chromatid exchange is slightly higher than in normal cells but it cannot be confused with the levels seen in Bloom's syndrome or dyskeratosis congenita cells. Sensitivity to the induction of sister chromatid exchange correlated with hypersensitivity to the lethal effects of specific DNA damaging agents, implying that the basic defect influences both end points in a similar manner. No 6-thioguanine resistant mutants could be induced by either gamma or ultra-violet light irradiation suggesting that error-prone repair pathways for damage induced by these agents may contain a common ligation step in human cells. Chorionic villus sampling has been performed at University College Hospital on anaesthetized patients prior to termination of pregnancy (160 cases) and in diagnostic cases mainly at risk for haeminoglobinopathies (60 cases) using the Portex cannula developed by Ward and Modell (J.
Old et a!., Lancet, II, 1413 , 1982 .
Of these we have attempted karyotyping on 88 of the pregnancies since November 1983.
Short term incubation of whole villi in RPM! or Chang medium for 48 hours has been found to he preferable to direct preparation. The use of trypsin or collagenase concurrently with the colchicine in an effort to obtain a single cell suspension has yielded metaphases but not in such quantity as the method outlined above. In 17 of 20 biopsied pregnancies 0'5-2 mg of material was successfully karyotyped. The remaining three failed:-one become infected and two samples were too small and of poor quality. Five cases of foetal sexing have successfully been performed and one karyotyping for maternal age. Forty-three termination pregnancies were karyotyped: fifteen 46XY, nine 46XX, one failure and nine were missed abortions two 46XX, one 45X0 one 47XX+fifteen, one 47XX+four and three failures. All eight of the female pregnancies looked at for chromosome polymorphisms proved to be non-maternal in origin using C-and Q-banding. Taxol (Wani et cxl., J. Am. Chem. Soc., 93, 2325 Soc., 93, , 1971 is a novel anti-microtubular agent presently undergoing clinical trails as a cancer chemotherapeutic drug. Previous studies (Warr eta!., Cell Rio!. In!. Rep., 6, 455, 1982) have suggested that taxol resistant mutants may show collateral sensitivity to colchicine and colcemid in Chinese hamster ovary (CHO) cells. A number of newly isolated mutants stably resistant to taxol have been used to test the generality of this previous observation. Cross resistance patterns to other related and unrelated drugs have also been studied to further classify the mutants into phenotypic groups.
Somatic cell hybrids have been used to elucidate the number of complementation groups and to test the dominance/recessivity of the resistance alleles.
A microcell mediated transfer system has been used to map two of the resistance genes to the chromosomal level. However, sequence analysis of ras genes has revealed that some of the point mutations responsible for their malignant activation create restriction enzyme polymorphisms that can be used as molecular markers to discriminate between normal and transforming alleles. We have used this experimental approach to demonstrate that the malignant activation of ras oncogenes are somatic events specifically associated with the development of certain human tumours. Efforts aimed at understanding the role of oncogenes in human neoplasia are hampered by the impossibility of experimental manipulations.
Thus, we have investigated whether certain carcinogens can induce tumours in animals by mechanisms involving activation of ras oncogenes.
We have established that induction of mammary carcinomas in Buf/N rats by a single injection of nitroso-methyl-urea (NMU) involves the reproducible activation of the H-ras locus. These findings suggests a specific role of this gene during differentiation of the rat mammary gland.
Molecular analysis of several NMU-activiated Hras oncogenes has revealed that they become activated by the same mutational event, a G -*A transition in the second nucleotide of the twelfth codon. These results raise the possibility that NMU might he directly responsible for the malignant activation Carcinogenesis is a multistage process in both humans and carcinogen treated laboratory rodents. Consequently, cancer cells are likely to contain a number of superimposed heritable alterations which have accumulated over a protracted period of time during the evolution of the tumour. The recent development of improved cell culture models for carcinogenesis, together with techniques for DNA-mediated gene transfer, has facilitiated studies of the genetic basis of the important rate-limiting steps. Using a system based on freshly explanted hamster dermal fibroblasts we have been able to delineate two distinct phases in the process of carcinogen-induced malignant transformation. These are: (1) the appearance of rare variant cells with an infinite capacity for self renewal, followed by (2) progression by clonal selection of the resulting immortal cell lines to a state of anchorage independence, serum growthfactor independence and tumorigenicity. Activated human oncogenes of the ras family are capable on transfection of accomplishing the latter step, although they may not actually play a major role in transformation induced by carcinogens in this system. Moreover, the ras oncogenes do not possess any capacity for immortalisation, suggesting that they are "stage-specific" with respect to their transforming properties. These and more recent results which throw further light on the cell biology and genetics of steps in the malignant transformation of mammalian cells will be dis- Although no other direct associations have as yet been found, the non-random chromosome changes found in a variety of tumours will be summarised with respect to their possible proximity to known c-onc genes. Our own work on ErbAl and Acute Promyelocytic Leukaemia will be discussed in this context. Clearly chromosome rearrangements are significant clues as to where and sometimes which, genes are involved in the aetiology of tumours, even if no c-onc gene has yet been found within the regions concerned.
Various approaches to defining these regions will be mentioned, such as mechanisms leading to the expression of recessive genes, biological transformation assays and gene amplification studies. Only question (i) can be answered with some certainty. In BL, the translocation has been found in 100 per cent of the properly investigated cases so far, with no difference between endemic or non-endemic, EBV carrying or EBV negative cases.
One exceptional line, BJAB, can he disregarded, since it is not a typical BL. In MPC, only about 90 per cent of the MPCs carry the translocations. Re-examining some translocation negative MPCs by high resolution banding we have recently shown that they carry an interstitial deletion in the D2 D3 region of Chr. IS corresponding to the location of the myc gene. The regularity of the association between the translocation events and tumours where they occur, together with the full analogy between the human and mouse system can only be interpreted by postulating that the activation of c-myc by the translocation represents an essential step in the genesis of BL and MPC.
(ii) The transposed myc gene become constitutively activated in MPC and BL. In all probability, this renders the gene resistant to cell cycle and differentiation dependent regulations that govern its expression in the normal chromosomal location.
The significance of the variations in breakpoint will be discussed. The regular intactness of the coding exons will be stressed. (iii) The way in which myc activation contributes to the escape of the EBV-carrying or EBV negative B-cell from immune and non-immune controls will be considered. Biochemical and molecular epidemiology is a growing area of cancer research which offers opportunities to many laboratory-based disciplines, including biochemical pharmacology, to join with epidemiologists in a concerted search for individuals at high cancer risk. The notion that susceptible persons might be those who for reasons of inherited oxidative metabolic capacity, display an oncogenic phenotype, can be investigated in epidemiologically-defined cohorts of cancer and control patients. This paper presents the findings of such a study and concludes that the allelomorphic gene governing debrisoquine 4-hydroxylation (mo:d) is a significant epidemiologic factor for bronchogenic carcinoma in smokers.
Lung cancer patients (n =245) and control patients with chronic air-flow limitation (n = 234) were studied. They were matched for smoking history, age, sex ratio, blood chemistry and haematological profile. All were of white European origin. Each patient was phenotyped using debrisoquine. Control patients comparised 21 recessives (poor metabolisers, 9O per cent) and the cancer patients only four (l6 per cent) of which two were adenocarcinomas. Additionally, cancer patient metabolic ratios aggregated to value I (788 per cent) compared to controls, the majority of which (63.2 per cent) fell in the range 1-12. One likely interpretation of these data is that the cancer and control patients are primarily homozygous dominants (extensive metabolisers) and heterozygotes respectively.
It was also observed that neither antipyrine clearance nor mephanytoin 4-hydroxylation was different between smaller cohorts of the same patients, reducing the likelihood of a "blanket" metabolic difference between cohorts.
It is concluded that drug oxidation phenotypes arising from the mo:d locus may directly, or by virtue of linkage to genes of oncogenic potential, be markers for differential lung cancer susceptibility in cigarette smokers. We are now attempting to clone the genes which are defective in some of these disorders. The initial step is to transfer the normal gene from DNA of a normal individual to defective cells by DNA-mediated gene-transfer, followed by selection for cells which have become resistant to the appropriate DNA-damaging treatment. Using A-T cells (which are hypersensitive to gamma-irradiation) as recipients in gene transfer experiments, we have obtained a number of derivatives which show near-normal resistance to gamma-irradiation. Familial polyposis coli (FPC) is an autosomal dominant condition which predisposes to cancer because of the multitude of adenomatous polyps which form in the colon and rectum. The purpose of the present study was to investigate the growth characteristics of FPC skin flbroblasts and relate them to abnormalities of the karyotype.
38.

G. Pontecorvo
Both FPC and normal skin fibroblasts were found to be capable of proliferation in low serum medium, although the FPC group proliferated to a significantly higher level than the control group. FPC skin fibro-blast cultures as a group reached saturation densities which were approximately 30 per cent greater than the control group. There was a correlation between proliferation in low serum and increased saturation density but neither of these properties was definitely connected with high tetraploidy or clonal rearrangement of the chromoso m es.
On the grounds of abnormal growth characteristics of FPC cells it has been suggested that these cells may exist in an initiated state and that expression of the malignant phenotype may only require treatment with a promoting agent, such as TPA (tetradecanoyl phorbol acetate) (Kopelovich, L. eta!., Nature, 282, 619, 1979) . A total of 14 skin and colon cultures from FPC patients and 8 normal skin cultures were treated with TPA for 12 subcultures. Cell morphology, drug toxicity, karyotypic changes and anchorage independent growth were monitored. Although there is no clear difference between control and FPC cultures, the trend is for FPC cells to show a greater response to the effect of TPA treatment in terms of anchorage independent growth, but to he less sensitive to the toxic effects. The spontaneously occurring high level of tetraploidy and chromosome rearrangement previously observed in FPC cultures (J. D. A.
Delhanty et a!., Cancer Genetics and Cytogenetics, 8, 27, 1983) was enhanced considerably in some cultures by the TPA treatment. Several lines of normal cells, particularly foetal cells, also exhibited marked anchorage independent growth.
In conclusion, it appears that the FPC cultures as a group tend to exhibit some of the properties of transformed cells and it seems likely that combined with their greater propensity to undergo karyotypic change, both spontaneously and following treatment with TPA and other agents, this increased growth and genomic transposition eventually leads to the development of malignancy.
